Background: Medial patellofemoral ligament (MPFL) reconstruction is recommended to surgically stabilize the patella against excessive lateral patellar translation. It is currently the cornerstone of treatment for recurrent lateral patellar instability. The MPFL is often disrupted during acute patellar dislocations but may also be attenuated in the setting of recurrent lateral instability. Numerous techniques have been developed with the primary goal of restoring the static function of the MPFL in resisting lateral translation of the patella during early flexion of the knee. There are now numerous options for the surgical technique, fixation devices, and graft choice, with equal clinical results as long as key surgical principles are maintained 1 . This article provides a step-by-step description of our preferred technique as well as offering technical pearls and a review of patient outcomes. Description: The MPFL is reconstructed anatomically using a hamstring allograft or autograft with an ideal width of 4 to 5 mm. The graft is secured to the femur with an interference screw at its anatomic insertion point, which can be defined by radiographic or anatomic landmarks, is passed through the soft tissues between the capsule and the medial retinaculum/vastus medialis oblique muscles, and is secured to the superomedial patellar border. Alternatives: Nonoperative treatment of lateral patellar dislocations is associated with recurrent dislocation rates of 35% to 50%; surgical treatment for recurrent dislocations has afforded improved patient outcomes
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Background: Medial patellofemoral ligament (MPFL) reconstruction is recommended to surgically stabilize the patella against excessive lateral patellar translation. It is currently the cornerstone of treatment for recurrent lateral patellar instability. The MPFL is often disrupted during acute patellar dislocations but may also be attenuated in the setting of recurrent lateral instability. Numerous techniques have been developed with the primary goal of restoring the static function of the MPFL in resisting lateral translation of the patella during early flexion of the knee. There are now numerous options for the surgical technique, fixation devices, and graft choice, with equal clinical results as long as key surgical principles are maintained 1 . This article provides a step-by-step description of our preferred technique as well as offering technical pearls and a review of patient outcomes. Description: The MPFL is reconstructed anatomically using a hamstring allograft or autograft with an ideal width of 4 to 5 mm. The graft is secured to the femur with an interference screw at its anatomic insertion point, which can be defined by radiographic or anatomic landmarks, is passed through the soft tissues between the capsule and the medial retinaculum/vastus medialis oblique muscles, and is secured to the superomedial patellar border. Alternatives: Nonoperative treatment of lateral patellar dislocations is associated with recurrent dislocation rates of 35% to 50%; surgical treatment for recurrent dislocations has afforded improved patient outcomes 2, 3 . In general, there are 3 surgical options to restore the function of the MPFL. Historically, acute repair was thought to offer the MFPL a chance to "heal" and resume its function; however, the literature has failed to support this as a reliable option in the setting of lateral patellar instability 4 . Similarly, delayed tightening or imbrication of the MPFL in the setting of chronic laxity has not demonstrated worthwhile clinical results 5 . MPFL reconstruction with a graft, as described here, has provided the most consistent outcomes.
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Rationale: Isolated reconstruction of the MPFL is indicated for patients with a history consistent with recurrent lateral patellar instability and a physical examination demonstrating excessive lateral patellar translation. Patients with highgrade trochlear dysplasia and patella alta may be better treated with concomitant osseous procedures such as trochleoplasty or tibial tubercle osteotomy.
Introductory Statement
Isolated anatomic reconstruction of the medial patellofemoral ligament (MPFL) with a hamstring autograft or allograft passed through a femoral tunnel and secured with an interference screw followed by suture anchor patellar fixation has provided consistent results for patients with a history of recurrent lateral patellar instability and a clinical examination showing excessive lateral patellar translation.
Indications & Contraindications Indications
• Clinical history consistent with recurrent lateral patellar instability.
• Failure of nonoperative management (physical therapy).
• Clinical examination showing excessive lateral patellar translation.
• Normal, or low-grade (Dejour Type-A), trochlear dysplasia.
• Normal tracking of the patella through an active arc of motion (no substantial J sign or excessive quadricepspull sign).
• Tubercle sulcus sign of 0°to 5°of valgus on physical examination.
• No excessive patella alta-i.e., the patient should have a patellar height of ,1.4 (Caton-Deschamps index) or a patellar trochlear index of .0.20.
Contraindications
• High-grade trochlear dysplasia.
• Excessive lateral quadriceps vector associated with lateral patellar overload on imaging and/or arthroscopy.
• Patellar tracking abnormalities (e.g., a J sign).
• Patellar height of $1.4 (Caton-Deschamps index) or patellar trochlear index of #0.20. Step-by-Step Description of Procedure
Step 1: Preoperative Planning Assess range of motion, patellar translation, medial patellar tilt, and apprehension and J signs; obtain anteroposterior standing, true lateral, and low-angle axial radiographs; and perform magnetic resonance imaging (MRI) (Video 1).
• Perform preoperative clinical examination including, but not limited to, assessment of the range of motion and testing for patellar translation, medial patellar tilt, and apprehension and J signs.
• Obtain preoperative anteroposterior standing, true lateral, and low-angle axial radiographs and perform MRI. We prefer a long leg alignment view for the anteroposterior standing radiograph as it provides more information. Either a Laurin view (20°) or a Merchant view (30°) is appropriate for the low-angle axial radiograph.
• Determine the appropriateness of surgical reconstruction. (See above for the indications and contraindications.)
Step 2: Preparation and Positioning The patient is placed supine, prepared, and draped in the usual sterile fashion (Video 2).
• Place the patient supine on the operating room table.
• After induction of anesthesia, examine the knee range of motion as well as stability to varus, valgus, anterior/posterior drawer, and pivot shift. Additionally, it is important to test patellar translation and J-tracking.
• Place a bump under the ipsilateral hip.
• Apply a nonsterile tourniquet (optional).
• Prepare and drape the lower limb in the standard fashion, and inflate the tourniquet if desired.
Step 3: Diagnostic Arthroscopy Perform standard knee arthroscopy (Video 3).
• Perform standard knee arthroscopy, paying particular attention to visualizing the patellofemoral joint and evaluate for any chondral injuries, dysplasia, alignment, or loose bodies.
• It is important to examine both the inferior and superior poles of the patella, and be sure to evaluate the lateral femoral condyle, as it can be damaged during patellar dislocations.
• Address associated pathological involvement as indicated.
Video 1 Preoperative planning, pearls, pitfalls, and controversies of isolated MPFL reconstruction.
Video 2 Preparation and positioning.
Video 3 Diagnostic arthroscopy.
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Step 4: Incision, Exposure, and Patellar Fixation Make the incision along the medial aspect of the patella for exposure and place 2 suture anchors in the medial aspect and proximal third of the patella (Video 4).
• Make a longitudinal 2-cm incision from the superior aspect of the patella to the midportion of the patella along its medial border. Divide through the skin and subcutaneous tissue, ensuring hemostasis.
• Elevate medial and lateral subcutaneous flaps, exposing the medial border of the patella.
• Sharply incise the fascia overlying the medial aspect of the patella and create subfascial flaps to allow translation of the tissue during imbrication.
• Divide the medial retinacular tissues with scissors or a hemostat, deep to layer 2, to create a tunnel to allow the graft to be brought to the anterior aspect of the knee.
• Place a medial imbrication stitch in the medial retinaculum superficial to the previously created tunnel.
• Expose the medial border of the patella while remaining superficial to the capsule and elevate the periosteum over the anterior aspect of the patella. A channel anterior to the patella and deep to the periosteum can be created with a hemostat.
• Under fluoroscopic guidance and direct visualization, place 2 suture anchors in the junction of the proximal and middle thirds of the patella on the medial side.
o The anatomic insertion of the MPFL on the patella can be found approximately at 41% of the length of the patella from the proximal pole 6 .
o Alternatively, we have recommended placement of the superior-most anchor 3 mm distal to the proximal-medial corner of the patella. A second anchor is subsequently placed 15 to 20 mm distal and parallel to this 7 .
o Be sure to aim slightly anterior while drilling to avoid joint penetration.
Video 4 Incision, exposure, and patellar fixation.
Step 5: Exposure and Placement of Femoral Tunnel Use fluoroscopic guidance to find the MPFL insertion site at the Schöttle point and create a socket from medial to lateral on the femur (Video 5).
• Obtain a true lateral view of the distal part of the femur (defined as posterior condyles with perfect overlap) using c-arm fluoroscopy.
• Identify the MPFL insertion on the femur. Anatomically, this is between the medial epicondyle and the adductor tubercle, 2 mm anterior and 4 mm distal to the adductor tubercle. Radiographically, this is 1 mm anterior to the posterior femoral cortical line, 2.5 mm distal to the posterior origin of the medial femoral condyle, and proximal to the level of the posterior point of the Blumensaat line. This is known as the Schöttle point 8 . It can be marked on the skin using fluoroscopy.
• Make a 2-cm incision centered over the Schöttle point and dissect the soft tissues to the level of the deep fascia. Open the fascia in line with the skin incision and expose the medial femoral cortex.
• Place a Beath pin at the Schöttle point, confirm it with fluoroscopy, and advance it across the knee. Aim the pin slightly proximal and anterior to avoid the intercondylar notch and to avoid injury to the neurovascular structures.
• Using a 6-mm reamer, ream along the Beath pin to a depth of 30 mm.
• Place a passing suture across the femur and tag it until you are ready for graft passage.
Step 6: Graft Preparation A semitendinosus tendon autograft or allograft is prepared on the back table using a running locking reinforced suture (Video 6).
• Allografts are thawed in room-temperature saline solution until they are pliable, and autografts are harvested with the surgeon's preferred technique.
• Grafts are trimmed to the appropriate size (4 to 4.5 mm).
• In a locking Krackow fashion, pass a looped (or any reinforced) suture around the graft. Approximately 3 cm of graft can be reinforced with the locking suture, which provides control of the graft on the femoral fixation side. Interdigitating between the interference screw threads improves fixation strength along the medial aspect of the distal part of the femur.
• Confirm the size of the graft to ensure that it will pass easily into the femoral socket.
Video 6 Graft preparation.
Video 5 Exposure and placement of the femoral tunnel.
Step 7: Femoral Graft Placement and Fixation Advance the semitendinosus tendon allograft into the femoral socket using the previously placed Beath pin and secure it using an interference screw (Video 7).
• Pass the free tails of the graft through the previously placed passing suture and shuttle them through the femoral tunnel from medial to lateral.
• Reduce the graft into the femoral tunnel with gentle traction.
• Place a guide pin within the femoral tunnel, secure the graft in the femoral tunnel with an interference screw, and ensure adequate purchase. Usually, the interference screw is upsized by 1 screw size over the reamed socket diameter. Ensure adequate fixation by applying tension to the graft.
Step 8: Graft Passage and Patellar Fixation Tunnel the graft to the medial aspect of the patella and secure it to the previously placed suture anchors (Video 8).
• Connect the medial patellar and medial femoral incisions by bluntly developing the space between the second (medial retinaculum and fascia) and third (capsule) layers as well as the layer between the vastus medialis and the capsule, creating a tunnel for graft passage. A long, thin hemostat accomplishes this task well.
• Using a hemostat, route the graft from its femoral fixation through the prepared tunnel, exiting at the previously exposed medial aspect of the patella.
• Place the knee in 30°of flexion, and ensure that the patella is well seated within the groove.
• Apply a firm pull to the graft, eliminating all slack. Avoid overtensioning or pulling the patella medial to the midline.
• Assess the graft length relationship by placing a marking stitch in the graft and taking the knee through a range of motion. If the graft is seen to lengthen as the knee is flexed, consider fixing the graft at a higher flexion angle to ensure that the patella is not overconstrained with high knee flexion.
• Using a free needle, pass the suture from the previously placed suture anchors through the graft and secure it with hand-tied knots.
• After placement of the first suture from the first anchor, check the mobility of the patella as well as the translation and the checkrein of medial translation. This is performed with the knee in extension.
• Repeat suturing with the second suture anchor and a free needle.
• The final construct should allow 2 quadrants of lateral patellar translation in full knee extension.
Video 8 Graft passage and patellar fixation.
Video 7
Femoral graft placement and fixation.
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Step 9: Medial Imbrication and Closure Perform medial imbrication and retinacular repair using the previously placed stitch and oversew the graft to the anterior aspect of the periosteum; follow this with standard irrigation and closure (Video 9).
• Identify the previously placed imbrication stitch within the retinaculum. Bring this over the top for repair and imbrication of the medial retinaculum.
• Identify the anterior periosteum of the patella and place the hemostat deep to this. Using a second hemostat, dissect a small tunnel from a lateral to a medial direction across the patella to allow placement of the graft. Shuttle the graft in this tunnel, deep to the anterior periosteum of the patella.
• Oversew the graft with number-0 Vicryl (polyglactin-910) suture in the anterior aspect of the periosteum, and remove any redundant graft.
• Gently flex and extend the knee to examine proper tracking of the patella within the trochlear groove.
• Irrigate the surgical sites.
• Perform layered closure in standard fashion using number-0 Vicryl, number-2-0 Vicryl, and number-3-0 Monocryl (poliglecaprone) sutures followed by sterile dressings.
Step 10: Postoperative Protocol The standard protocol includes partial weight-bearing until adequate quadriceps muscle control is achieved, with progressive weight-bearing as dictated by knee swelling and pain.
• A hinged knee brace is applied, and weaning is started after 1 week indoors and when quadriceps control is sufficient.
• Physiotherapy is initiated at 1 week with progressive weight-bearing and gait training as dictated by knee swelling and pain. Dynamic quadriceps control is initiated and running is allowed at approximately 10 to 12 weeks. Sports-specific activities are initiated at 3 months, and a full return to sports can be expected at approximately 16 to 18 weeks.
• All progression of the rehabilitation protocol depends on functional tests that document limb symmetry differences and appropriate sports-specific body movement patterns as well as on objective knee examination.
• A continuous passive motion machine is not usually utilized. Chemical deep venous thrombosis prophylaxis is utilized when patient risk factors warrant.
Video 9 Medial imbrication and closure.
Results
Investigators at our institution performed a systematic review of preoperative and postoperative variables before and after isolated MPFL reconstruction for recurrent lateral patellar instability 4 . The literature search and application of exclusion criteria revealed 24 studies. These were reviewed for preoperative demographics, physical examination and imaging findings, and postoperative outcomes including redislocation and subjective patient-reported outcomes.
Patient-reported outcomes were reported in all 24 studies, with the Kujala score being the most common. The rate of redislocation after index surgery was reported in 92% of the studies, and the mean rate of that complication was 1%. A majority of the studies included a homogeneous patient population, which was defined as implementing criteria that excluded patients with "excessive anatomic factors based on physical examination and/or imaging criteria." The authors concluded that a diversity of methods was used in the studies in the current literature and that there was inconsistency in the reporting of preoperative and postoperative variables, which limit the applicability of the literature to patients with patellar instability.
Pitfalls & Challenges
• Keep soft-tissue dissection superficial to the capsule of the knee.
• Avoid penetrating the subchondral bone and damaging the articular cartilage of the patella when drilling for the patellar suture anchors.
• Avoid neurovascular injury and violation of the knee or intercondylar notch when drilling across the femur by aiming slightly anterior and proximal.
• To achieve the appropriate graft length-load relationship:
o Use fluoroscopy and anatomic landmarks intraoperatively. Avoid proximal and anterior positions. o Avoid pulling on the graft as the ligament is attached.
• The reconstructed MPFL should allow 2 quadrants of lateral patellar translation.
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